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TECHNICAL MEMORANDUM X-fMfll') 


SATURN COMPONENT FAILURE RATES 
AND FAILURE RATE MODIFIERS 

INTRODUCTION 

Tho pur, jo no of thin handbook in to provide design, tost, reliability and 
systems engineers with up-to-date fnliuro rate information on mechanical and 
olootromochnnioal components. This documont, unlike most others of its kind 
provides not only tho failure rates for numerous components but also the failure 
modes, failure mode frequency ratios, and environmental ad|ustment factors 
lor each type of component . 

The inlormatlon in this handbook is based entirely on data from the 
Saturn Program. The data were obtained from qualification and reliability 
test reports and from Unsatisfactory Condition Reports (OCR's) that are 
associated with components (flight hardware) used in the Saturn Program. 

ooroTHWonts were analyzed in groups or families to provide better results 
with the statistical methods cmployod, and because tho amount of data on an 
individual component was, in many casos, insufficient to permit a meaningful 
analysis. For the purpose of the analyses and interpretation of tho information 
presented herein, a component family is a grouping of components by functional 
name. For example, the component family check valve is made up of chock 

valves of various types including poppet spring-loaded valves, ball-seat valvos 
and flapper-type valves. ’ 

. . The f° llowin g ground rules were established and followed in generating 
tile information presented herein: b 

. , . 0tlly data on Saturn fUgfrt hardware (ground support equipment not 

included) were used. 


2. Data on all components of a given component family were used 
regardless of part number. 

3. Only data from tests involving nonstringent environments, i.e. 
bench tests, were mod in the failure rate calculations. 

4. It is assumed that the failure mode frequency ratios are constant 
over the environmental ranges shown. 


DESCRIPTION OF VARIABLES AND METHODOLOGY 


Failure Rate 

Tho failure rate Jr the ox pee tod number of failure!, Ji. < ■ C time ,,,• 

o|H> rational cycles. It is bused on data front tools cmalimii-.i 1( n< *u-.« -nL 

environment, l.e., laboratory environment which in dev-. id . >| abnormal vlbra 
tiftn, (ixeepRlve prosnuro, and h ij.*;h or low lomporulniv. I'll In onnblrn the do- 
tormJnafion of a meaningful "banle" failure rale wldeh approximates the generic 
or inhoront failure rate for oaoh component family, 

't'he failure* raten presented in fit In handbook are ihe rates at a nn.-per • 
emu eonl idoilee level. They wore onleuiated aaJ.ni 1 ; the IV > 1 1< *v\'in;>; formula; 


Y<! 

(nd, :.!r i 2) 
!)()% ’ UT 


whoro is tho failure rate at bO-poroont confidence, 


(0. 1, 2r + 2) i8 tho ohi-Hquare value corresponding to bu-porooul 
oonfidenco and 2r + 2 degrees of freedom, 


r is the number of failures, and 

T is the total time (total cycles was substituted for total time 
when a iailure rate in terms of iailurcs per cycle was mere practical) • 


Failure Mode Frequency Ratio 

The failure mode frequency ratio or alpha factor (a) is the expected 
proportion of the total failures associated with a component which can be 
charged to a specific failure mode. In mathematical terms, the alpha factor is 
the ratio of the failures associated with a specific failure mode to the total num- 
ber of failures in all modes as shown below: 

a , __ Number of failures in a snccific mode 
Total number of failures in all modes 


fills Lae lot is used as a iailure rate mod lifer to assign a certain 
percentage ( «« times ion) of ihe total component failure rate to a particular 
failure .mode, ItW example, tho basic failure rate of the temperature ira .mincer 


O 


'.-• 54 - 





component Jamil* i; ; O.OOu lM) failures per hour tint] the failur., mode I r. ,,u(>ncy 
ratio associated will* lltr- lailur. mode "open" j,, (him. I'horehov, the lailurr' 
ra,< ' “ f r.'dnilv when considering only laihm’S l.y the mod. "open" 

in u. iioiriiid iai In ren per hour (n.:m times (i.hnhlnd I'a ilu iok per hour;. 

I lie lailiire modus and lailure inode I’requeney ration idr lie uniiiponciil 

lamjJjo,'. nl io\vn in lid:, < err determined through tin engineering a, inly- 

mn "I l-he eomponei.l failures reported on Uimst isfuofory ronditioi, ltep,,r|.|, 
(ld’l;. 1 n / . Appro;. i i nan i,N Mil (ion lint's reporting rnil.iren on the varlom 
ol the Sanirn 111 and V vohiehm were screened in thin analysis. 


tnviroiiiiiontal Ailjiislinont 

An eiivi ronineiita I adjustment 1'aetor (.1. factor; It; a failure rate oiodlfjnr. 
’ I"' l " ill " v :i '"’"'poiH’iil in luulllpl ied hy !i U lae|or nor renooiidilir' * 

h.a given environmental nl level (e.r;.. an elevated temperature; s', deter- 
iniiu 1 ,a lajlure rate for (he roiiiponenl. when if. in subjeoted 
mental nl.renn level. 


to Hi* • given environ- 


I’he ma jor s«»mves of data for (he detenu jiial ion of the environmental 
adjustment laeforn were (|tialifjealion and reliahilify lent report.".. The reports 

were reviewed and the .lain lor nueh lestn .as vibration. hijyli and low ,ura~ 

I'tfe. and life eyele wi re e\l raeleil. Such variables .an time, cycles. number 
ol [allures, mimbor of items tested. and lest conditions were holed and lalndated 
on a lorin speoifiealJ \ designed for this task. 

The tabulated dat.a for each set of environmental test conditions were 
statistically analysed . 'the method of analysis involved calculating failure rates 
at 90-pcrecnt confidence lor the various onvi ion mental levels using (he total 
lime and number of failures associated with each level. The following formula 
was used lor this purpose: 


r 


'W.. 


(0. 1. 2r + 2) 


where A % is the failure rate at 90-percent confidence, 


«1 

'^(0. 1, 2r + 2) is °W~ S( l uare value cor rcc ponding to no-percent 
confidence and 2r + 2 degrees of freedom, 
r is the Jtiui ul >o f of failures, and 

'l 1 fa tlie total time (total cycles was substituted for total time when a 
lailure rate in terms oi failures per cycle was more practical)# 


n 

o 


^■;nl 

i'iti 


J'ho calculated failure rntoB and thoir corresponding environmental 
variable wore thou plotted graphically. A line of "beat fit” wan fitted to the 
data points lining tho toehnlquo of regression analysis, 

latviron mental adjustment fnetors (J\) were then determlnod using 
(1) the failure rato baaed on data obtained from tosliug eoudueted at ambient 
eondiUena, U) failure rates at various environmental levels infant from the 

constructed graphs, and (11) the relationship K - 'llU J 2 L t iLl l ^ 3 jfa_ii-iytd 

umhirui. fajluuo i\iu> 

The K values at various levels of the environ meat were then tabulated, normal- 
l/,ed to l.o at ambient eonditions. and plotted grnphleally i'< • r presenlalimi and 
engineer lag; use. 

To use the graphs It Is aeeessary only in seleu the environmental level 
(e.g.. temperature) for whieh a Is faster Is desired. Next, the selected tern- 
perntuiv Is found on the horizontal axis and the vertical line represontlng dial 
temperature Is followed until the curve is reached. The horizontal line Inter- 
see ting the curve and vertical temperature line at the point is then followed to 
the left margin, where the K value turn be found. The K value is used to modtf\ 
the basic failure rate of a component by multiplying K times the basic failure 
rate, which results In the component failure rate at the selected temperature. 

I 1 o' example, the expected failure rate >1“ a pressure Iriusducer when operated 
at 200° F Is 0. ol 9002 failures per hour, which Is the basic failure rate for the 
pressure transducer component family, 0.001)531 failures per hour, times the 
K factor, 2, corresponding to 200° F. 


COMPONENT FAILURE INFORMATION 

This section contains the failure rates, faF-vc modes, failure mode 
frequency ratios, and environmental adjustment factors for various Saturn 
component families. Spin-off information such as cause of failure and compo- 
nent deficiencies is also presented since it provides valuable facts to be consid- 
ered in tlie application and the analysis of the components. 

The information in this section is presented alphabetically according to 
the generic name of the component, e.g., transducer, pressure; valve, check. 




Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Accelerometers 

I. Failure Mode Frequency Ratios ( o >) ; [i> 

oi £fot, of failures s pecific mode 

Total failures all modes • 


Failure Mode 

Erratic Output 
High Output 
How Output 
No Output 


Alpha Factor ( oi } 

0 . 20 !] 

0.257 

0.200 

0.211 


II. Environmental Adjustment Factors (K) : 


£ _ Failure rate at env- leve l 
Ambient failure rate 


Figure 1 shows the accelerometer failure rate adjustment factor (K r ) for 
temperature. ^ 


HI. Failure rate at 90 -Percent Confidence (A „)• 

90%'* 

^ 90 % = 0. 000560 failures per hour. 



\p> Based on 109 accelerometer failures extracted from 25 000 Saturn 
uuH s. 

|2> Based on Saturn test data from 27 qualification and reliability test 
reports * 

(j> Based on 3 failures in 11 925 operational hours in tests at ambient 
conditions* 


JNUTtt: 


on it approximately 4 percent of the accelerometer failures reported 
and f f T vve rc as 800 mted with contamination which appeared as damping fluid 
and foreign materials such as microscopic metallic particles. 



Approximately 27 percent ot the accelerometer failures reported on 
UCR't: were damage-typo failures attributable in moiu .risen (<■ human emu 
The damage -type failures wore manifested ns bent and broken pins, pinched 
loads, broken plugs and connectors, broken insulation and shields, poor 
solder connectors, and reversed polarity. 





Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Accumulators 

Failure Mode Frequency Ratios ( a) • 


No, of failures specific mode 
Total failures all modes 


Failure Mode 


External Leakage 
Internal Leakage 


Alpha Factor ( a 


II. Environmental Adjustment Factors 

£ _ Failure rate at mv. level 

Ambient failure rate * 

Figure 2 shows the accumulator failure rate adjustment factor (K, ) for 
temperature. ^ 

HI. Failure Rate at 90 -Percent Confidence (A^) : |2> 

V/T °* 00 ^ failures per hour. p£> 

[L> Based on 23 accumulator failures extracted from 25 000 Saturn 
UCR's. 

[2> Based on Saturn test data from 19 qualification and reliability test 
reports. 

[3> Based on no failures in 1612 operational hours in tests at ambient 
conditions . 

NOTE: Approxin itely 8 percent of the accumulator failures reported 
on UCR s were associated with contamination which appeared as minute foreign 
particles. 

Approximately 31 percent of the accumulator failures reported on UCR's 
were damage-type failures attributable in most cases to human error. The 
damage-type failures were manifested as cracked and split seals, spiralled, 
fractured and split O -rings, and a broken accumulator charging valve stem. 






Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Hydraulic And Pneumatic Actuators 

I. Failure Mode Frequency Ratios ( a) • 

a , No, of failures specific mode 
Total failures all modes 


.Failure Mode Alpha Factor ( <yj 

Extornnl Leakage 0,470 

Failuro to Givo Proper 
Position Indication Signal o.:37(i 
Failuro to Achieve Corroct 
Position O.lUf) 

Internal Leakage O.OliJ 

II. Environmental Adjustment Factor (K) : An environmental adjust- 
ment factor for temperature and for vibration could not be calculated because 
of a lack of sufficient data for other than the ambient-temperature test environ 


III. 


Failure Rate at 90 -Percent 


Confidence (A. 



\ )0 % “ 0.0000522 failures per hour. 




Based m 104 hydraulic and pneumatic actuator failures extrac- 
ted from 25 000 Saturn UCR's. 

Based on Saturn test data from 54 qualification and reliability 
test reports. 

Based on two failures in 10 1 774 operational hours in tests at 
ambient conditions. 


NOTE: Approximately 7 percent of the hydraulic and pneumatic actuator 
failures reported on UCR's were associated with contamination which was evi- 
denced by the presence of silt particles, sawdust, paint, and moisture. 


Approximately 35 percent of the hydraulic and pneumatic actuator 
failures reported on UCR’s were damage-type failures attributable in most 
cases to human error. The damage-type failures appeared as nicks, gouges 
cuts, scratches and dents. b ’ 
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Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Electrical Connectors 


i. 


Failure Mode Frequency Ration (a'); 



Mo. of failures Bnocific morln 
Total failures nil modes 



Loss of Continuity 
Electrical Short 
Fluctuating Resistance 
Improper Fit 
Low Output 


Alpha Factor [ n j 


0.(i48 
0 . <)!)!) 
0. Oh!) 
0.077 
0.077 


II. Environmental Adjustment Factors (K ): £>> 


K _ Failure rate at env. W«i 
E Ambient failure rate 


Figure 3 shows the electrical connector failure rate adjustment factor (K, ) for 

SiStoS.:!"' th ° eiocwo! ' 1 oom,eot ° r faiiure rata •«-»£«* 


hi. 



Failure Rate at 00— Percent Confidence 



”N)0% 0*001422 failures per hour. 



Based on 01 electrical connector failures extracted from 25 000 
Saturn UCR's. 

Based on Saturn test data from 36 qualification and reliability 
test reports. 

Based on 2 failures in 3744 operational hours in tests at ambient 
conditions. 


NOTE: Approximately 7 percent of the electrical connector failures 

reported on UCR's were associated with contamination which appeared as 
corrosion, potting compound, and moisture. 


11 




Approximately fi.'l percent of tho electrical connector failures reported 
on UC IV s wore damago-typo failures attributable in most cases to human error. 
'Hie damage-type failuros wore manifested as cuts, tears, and scratches. 


‘ 12 



Electrical connector failure rate adjustment factor j for vibration 







Failure Mode Frequency Ration 
Environmental Adjustment Factors, 
And Failure Rate For Quick Disconnects 

I, Failure Modo Frequency Unties (o'): |^> 

No. of failures specific mode 


a 1 


Total failures oil modes 


Failure Mode 

Alpha Factor (a 1 ) 

Failure to Contain Fluid 

a. 5117 

Failure to Cheek Flow 

9.407 

Failure to Connect 

0.042 

Failure to Disconnect 

0.014 

It. Environmental Adjustment Factors (K): 

Failure rate at env. level 


Ambient failure rate 

• 

Figure 5 shows the quick disconnect failure 

rate adjustment factor 

temperature. 



lor 


III. Failure Hate at 90-Percent Confidence (A ;)()ll/ ) : 

A {)0% = 0 * 0ut)7i,n futures per hour. 

[f> Based oil 69 quick disconnect failures extracted from 25 000 datum 
UCU's. 

Based on Saturn test data from 99 qualification and reliability test 
reports. 

j^> Based on one failure in 4924 operational hours in tests at ambient 
conditions. 

NOTE: Approximately 29 percent of the quick disconnect failures 
reported on UCU's were associated with contamination which was evidenced by 
the presence of dust, walnut shell grit, corrosion, and paint chips. 

Approximately 25 percent of the quick disconnect failures reported on 
UCU's were damage-type failures attributable in most eases to human error. 
The damage -typo failures appeared as scratches, cuts, gouges, and cracks. 






Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Mechanical Filters 


i, 


Failure Mode Frequency lint lop (.a 1 ); 

0 , ... No. of fa Huron snoelflc mode 
Total fa Huron all modod 



f 


Failure Mode 

Internal buukago 
How Flow Halt' 


A Inh a Factor (a ij 

(l.dill 

<1.3(19 


II. 


Environmental Adjustment Factors 



K Failure rate at onv. level 
E Ambient failure rate 

Figure 0 shows the mechanical filter failure rate adjustment factor (K, ) for 
temperaturo. T 


III, 


Failure Rate at 90-Pcrcent Confidence (A ) • 

90% 



^00% 3 1)00936 failures per hour. 




Based on 19 mechanical filter failures extracted from 25 000 
Saturn UCR'b, 

Based on Saturn test data from 64 qualification and reliability 
test reports. 

Based on 3 failures in 7119 operational hours in tests at ambient 
conditions. 


NOTE: Approximately 23 percent of die mechanical filter failures re- 

ported on UCR's were associated with contamination which appeared as seal 
material, metal filings, and other foreign matter. 

Approximately 29 percent of tho mechanical filter failures reported on 
UCR's were da mage -type failures, attributable in most cases to human error. 
The damage-type failures were manifested as cuts, abrasions, depressions, 
nnd bends. 
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Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Pumps 

I. Failuro Mode Frequency Ratios ( a) • JT> 


No. of failures specific mode 


Total failures all modes 

Failuro Mode 

External Loakago 
Improper Output 
Failure to Operate 
Improper Pump Output Signal 
Intornal Leakage 


Alpha Factor ( cd] 

0,46!) 

0.207 

0.157 

0.070 

0.007 


IL. Environmental Adjustment Factors (K) : f^> 


K Failure rate at env. level 
Ambient failure rate 

Figure 7 shows the pump failure rate adjustment factor (K, for tomperaturo, 
and Figure 8 shows the pump failure rate adjustment factor (Ky) for vibration. 

HI. Failure Rate at 00-Percent Confidence (A^^) : |^> 

\)0% = °* 000398 failures per hour. |j£> 

0 > Based on 115 pump failures extracted from 25 000 Saturn UCR's. 

Based on Saturn test data from 61 qualification and reliability test 
^ reports. 

££> Based on 4 failures in 20 060 operational hours in testB at ambient 
conditions. 

NOTE: Approximately 15 percent of the pump failures reported on UCR's 
were associated with contamination which appeared as walnut shell grit, rust 
particles, metal slivers, and moisture. 

Approximately 18 percent of the pump failuros reported on UCR's were 
damage-type failures attributable in most cases to human error. The damage- 
type failures were manifested as gouges, nicks, dents, and scratches. 







Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Pressure Regulators 

I. Failure Mode Frequency Ratios ( a) • [l> 


a No. of failures specific mode 
Total failures all modes 


Failure Mode 


Aloha Factor ( o>) 


Regulates High 
Rogulatos Low 
External Leakage 


0.672 

0.250 

0.078 


II. Environmental Adjustment Factors (K) : [£> 

K a Failure rate at env. level 

Ambient failure rate * 


Figure 9 shows the pressure regulator failure rate adjustment factor (K T ) for 

temperature, and Figure io shows the pressure regulator failure rate adjust- 
ment factor (Ky) for vibration. J 


HI. 


Failure Rate at 90-Percent Confidence (\ 




\) 0 % ” 001000 failures per hour. 




Based on 64 pressure regulator failures extracted from 25 000 
Saturn UCR's. 

Based on Saturn test data from 64 qualification and reliability test 
reports. 

Based on no failures in 2301 operational hours in tests at ambient 
conditions. 


NOTE: Approximately 23 percent of the pressure regulator failures 
reported on UCR's were associated with contamination which was evidenced by 
the presence of lubricants, corrosion, metallic particles, and moisture. 
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Approximately 16 percent of the pressure regulator failures reported on 
UCIt's were damage-type failures attributable in most cases to human error, 
The damago-type failures appeared as bent connector pins, brokon flanges, and 
nicks, scratches, and gouges on poppets, seats, pistons, and other regulator 
components. 








Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Electrical Relays 

I. Failure Mode Frequency Ratios (oi)» 

a _ No. of failures specific mode 

Total fa Hu roe all modoa * 


Falluro Modo 


Aloha Factor (ft) 


intermittent Operation 0. .16 

(contact chatter) 

Failure to Oporato 0.24 

(no response, failure to open, 
failure to closo) 

Improper itosponao 0.20 

(premature contact actuation 
or denetuation, delayed 
contact response) 


II. Environmental Adjustment Factors (K ): 

JLi 



p. _ Failure rate at env. level 
E Ambient failure rate 


Figure 11 shows the electrical relay failure rate adjustment factor (K ) for 
temperature. T 


in. 


Failure Hate at 90-Percent Confidence 


(A 90% ,: 



*90% = °‘ 000 °1 4 failures per hour. 




I> 


Based on 91 electrical relay failures extracted from 25 000 Saturn 
UCR's and 142 component test reports. 

Based on Saturn test data from 142 qualification and reliability 
test reports. 

Based on 51 failures in 4 166 106 operational hours in tests at 
ambient conditions. 


J- 





s’ 
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NOTE: Approximately 3 percent of the electrical relay failures report 
cul on UCI'e were a a hoc inted will) contamination which appoared no foreign 
material on electrical con tact a. Approximately R percent of the electrical 
relay failure a reported on NCR's wore da mage -typo failures, attributable in 
most eases to human error. The damage-type failures wore manifested ns 
abrasions, dents and cuts. Approximately 40 poreont of the olootrloal relay 
failures occurred during contact bounce tests. The cause of these failures ’ 
was not stated. 







Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Liquid Level Sensors 

I. l^i i luiu Mode Frequency Hallos (n-j; JY> 

No,, of l a Hi iro n .• mcoifie mode 


Cl' 


Total l;i i I ii i'cji nil modes 
Fa I In i>i • Aludi 


Alpha Ku o 1.1 1 !• ( <n 


Ini'i ir i *i • i ( mi pul 

Nl! < >l|l,| till. 

ei'civml tin Indication 


O.llllt 


II. Km'li-nuuK-itiMl Adjustment EaulorH (K): 


, JlilUiLlIL L^a U ' mI, niv, tuy ol 
Ainhirnt lYijliuv mtn 


|,||,;,m ‘ 1:5 HhoWH 11,0 ••■'‘*1 s«n«or failure rate adjustment factor (K ) for 

temperature. T 


III. Failuro Hate al: i>0-Porccnt Confidence (A 

90%' ■“ 


d.()(H)84(i failures per hour. 




Based im 55 liquid level sousin' failures extraeted IVum 25 lieu 
Saturn UCIl's, 

[2> Based on Saturn test data from 25 qualification and reliability test 
reports. 

12> Based 0,1 7 failures in 14 601 operational hours in tests at ambient 
conditions. 


NOTE: Approximately 7 percent of the liquid level sensor failures 
reported on UClt's were associated with contamination which appeared as 
moisture and foreign particles. 


A blu'oxiimately 41 percent of the liquid level sensor failures reported on 
l Clt s were damage-type lailures attributable in most eases to human error. 

ttc damage-type failures ware manifested as gouges, nfeks, duals, scratches, 
and breakage. * 
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Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Electrical Switches 

I. Failure Mode Frequency Ratios {&)-, Jl^> 

cv - No. of .fa ilures specific mode 
Total failures all modes 

Failure Mode A Inha Factor (o?) 

E rroneous Ou tput o . 5 1 

Failure to Operate 0.49 

II. Environmental Adjustment Factors (K e ): jj£> 


K _ Failure rate at env. level 
E Ambient failure rate 


Figure 13 shows the electrical switch failure rate adjustment factor (K, ) for 

temperature. Figure 14 shows the electrical switch failure rate adjustment 
factor (Ky) for vibration. 


III. 


Failure Rate at 90-Percent Confidence 



^90% = 0,00i092 failures per hour. 



G> 

[£> 


Based on 53 electrical switch failures extracted from 25 000 
Saturn UCR's and 136 component test reports. 

Based on Saturn test data from 136 qualification and reliability 
tests reports. 

Based on 52 failures in 57 250 operational hours in tests at ambient 
conditions. 


NOTE: Approximately 5 percent of the electrical switch failures 

reported on UCR's were associated with contamination which appeared as cor 
losion, metallic particles, and other foreign matter. 
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Approximately 13 percent of the electrical switch failures reported on 
OCR's wore damage-typo failures attributable in most eases to human error. 
The damage-type failures were manifested ns scratches, abrasions, and bent 
or broken parts. 
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Electrical switch failure rate adjustment factor (K. j for vibration 












Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Pressure Switches 

I. Failure Mode Frequency Ratios (a<): |^> 

„ .. No. of failures specific mode 


Total failures all modes 

Failure Mode 

Failure to Actuate 
Premature Actuation 
Failure to Doactuato 
External Leakage 
Premature Dcactuation 


Aloha Factor ( a 


0.635 

0 . 12 !) 

0.118 

0.086 

0.032 


II. Environmental Adjustment Factors (K) : [j£> 


Failure rate at env. level 


Ambient failure rate 

Figure 15 shows die pressure switch failure rate adjustment factor (K^) for 

temperature, and Figure 16 shows the pressure switch failure rate adjustment 
factor (Ky) for vibration. 

HI. Failure Rate at 90-Percent Confidence : |^> 

\jo% = 0.000022 failures per cycle. 

[i> Based on 93 pressure switch failures extracted from 25 000 Saturn 
UCR's. 

[2> Based on Saturn test data from 63 qualification and reliability test 
reports. 

Jj£> 3ased on 1 failure in 177 950 operational cycles in tests at ambient 
conditions. 

NOTE: Approximately 18 percent of the pressure switch failures 
reported on UCR's were associated with contamination which appeared as 
corrosion, sand, solder balls, metal slivers, and moisture. 


Tt „ T ,, Appr0 , Ximat ° ly 16 perce,lt of tho Pressure switch failures reported on 
UCIi s wore damage-type failures attributable in most eases to human error. 
The damage-type failures were manifested ns dents, bent connector pins, and 
damaged diaphragms. 1 ’ 


SWITCHES. PRESSURE 



Figure 16. Pressure switch failure rate adjustment factor (K J for vibraii 


Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Pressure Transducers 


I. Failure Mode Frequency Matins (a 1 ); 


No. of. failures specific mode 

Total. fallureH oil morion 

« 

Pn J in Miwlc 

Alpha Pa o tor ( (vj 

liow Output Voltage 

0.371 

aj ISolow Tolerance U.21.K 
l») No output o.tr>3 

Output Voltaic 

0.333 

Mr ratio Output Vi >1 tUjU' 

0.265 


0.031 

II. Environmental Adjustment Factors (K) 

■ £> 

rr Failure rate at env. level 

Ambient failure rate 

• 


Figure 17 shows the pressure transducer failure rate adjustment factor (K, ) 
for temperature. ^ 


III. 


Failure Rate at OO-Perccnt Confidence 



N)0%~ °* 00953 1 fnilure per hour. 




Based on 615 pressure transducer failures extracted from 25 ooo 
Saturn UCR's. 

Based on Saturn test data from 47 qualification and reliability test 
reports. 

Based on 6 failures in 1105 hours of operation in tests at ambient 
conditions. 


NOTE: Approximately is percent of the 1)38 pressure transducer 
failures extracted from UCR's were damage-type failures, caused In most 
instances by human error. The most prevalent of the damage-type failures were 
damaged rails , damaged insulation, and damaged seals. 
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Approximately 4 percent of the failures were caused by contamination 
in the form of metal particles, walnut $rit dust, moisturo, and undeterminable 
deposits# 






Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Temperature Transducers 

I. Failure* Mode Frequency Uni jots ( rv ) ; 

(v No. o f failures specific mode 
'J’f .j;;» I. failures all in odor, 



Failure Mode. 


A| | >|i)i Factor ( o') 


°l*»' 0,55 

Short 0( | S 

KlTiltlc n.’lfi 

lli|*h Temperature I tending 0.07 

li<)\v Temperature Reading o.o-l 


II, Knvironnionlal Adjustment Factors (K); 

^ Failure rate at coy, level 
Ambient failure rate 


Fitfime i,s .shows the temperature transducer failure rate adjustment factor (K, J 

for temperature, and Figure 19 shows tlic temperature transducer failure rate 
adjustment factor (K^.) for random vibration. 


III. Failure date at 90-Perecnl Confidence (\ rrl ): 

90% 



\ )0% - 0.000480 failures per hour. 




Based on 050 temperature transducer failures extracted from 
25 ooo Saturn UCR's. 

Based on Saturn test data from 53 qualification test reports. 

Based on 0 failures in 4798 hours of operation in tests at ambient 
conditions. 


NOIL,: Approximately 25 percent of the 350 temperature transducer 
failures extracted from UCR's were caused by human error. A majority of the 

human errors were due to improper handling, which was manifested as open 
circuit failures. 
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Be 




Approximately 18 percent of the failure^ were canned by lack of 
protect! vo oovern on the temperature transducer* and/or the one of inmroi 
eon nee tors on tho metal -sheathed cables. 


Approximately H poreont of the failure* wore caused by vendor and 
inanulYioturinu errors. 








Figure 19. Temperature transducer failure rate adjustment factor (K._) for random vibration. 


Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Check Valves 

I. Failure) Modo Frequency Ratios ( a) • J^> 


a - No, of failures specific mode 


Total failures all modes 

• 

Failure Mode 

Alnha Facto 

Failuro to Close 

0.807 

Extornal Leakage 

0.067 

Failure tc Remain Open 

0.055 

Failure to Open 

0.041 

Failure to Remain Closed 

0.026 

Unassigned 

0.004 

Environmental Adjustment Factors <K): [^> 

Y Failure rate at env. level 


Ambient failure rate 

• 


Figure 20 shows the check valve failure rate adjustment factor (K ) for tem- 
perature . T 


III. Failure Rate at 90-Percent Confidence ( A „): 

90%' 

^90%~ 000021 failures per cycle. 

[£> Based on 213 check valve failures extracted from Saturn UCR's and 
57 failures extracted from Saturn qualification and reliability test 
reports. 

|2> Based on Saturn test data from 55 qualification and reliability test 
reports. 

[3> Based on i failure in 186 496 operational cycles at ambient 
conditions. 
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NOTE: Approximately .35 percent of the check valve failures reported 
on UCR's wore caused by ( 1) rough surfaces on tho poppet gxiido and shaft, 

(2) galling or penning of tho seat and poppet caused by valve chatter and 

(3) embrittlement of the poppet seal. 

Approximately 22 porcent of the check valve failures reported on UCR's 
were caused by contamination (excessive lubricant, metal particles, corrosion) . 
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Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Shutoff Valves 

I. Failure Mode Frequency Ratios (a): fj^> 

a - No. of fail ures specific modo 
Total failuros all modes 

Failure Mode Alpha Factor { a) 


Failure to Close 

0.467 

External Leakage 

0.172 

Position Indicator No Signal 
Position Indicator Erroneous 

0.145 

Signal 

o.iol 

Failure to Open 

0.075 

Failure to Remain Open 

0.022 

Failure to Remain Closed 

0.018 


II. Environmental Adjustment Factors (K) : 



Failure rate at env. level 
Ambient failure rate 


Figure 2i shows the shutoff valve failure rate adjustment factor (K ) for 

temperature and Figure 22 shows the shutoff valve failure rate adjustment 
factor (Ky) for vibration. 


HI. 


Failure Rate at 90-Percent Confidence (A gQ% ) : [£> 


\) 0 % = 0.000033 failures per cycle. 



Based on 227 shutoff valve failures extracted from 25 000 Saturn 
UCR's. 

[>> Bascd on Saturn test data from 62 qualification and reliability test 
reports. 

Based on 7 failures in 353 170 operational cycles in tests at ambient 
conditions. 
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NOTE: Twenty pereont of the shutoff valve failuros reported on UCIl's 
were damage-type failures attributable, In most eases, to human error. The 
most prevalent causes of the damago-typo failuros wero scratches, nicks, and 
gouges on the valve flangos . 


Approximately 12 percent of the shutoff valve failures reported on UCR's 

wero caused by contamination such as metallic particles, corrosion, moisture 
etc . 
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Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 
And Failure Rate For Solenoid Valves 

I. Failure Mode Frequency Ratios (a)> ££> 

a- M-Q. of fail ures sneoifln mnrin 
Total failures all modes 


Failure Mode 

Failure to Close 
External Leakage 
Fullu 1*0 to Opoii 
Position Indicator K rronoous 
Signal 

Position Indicator No Signal 
Fuiluro to Remain Closed 


Alpha Factor { a} 


(Minn 

0.122 

0.070 

o.ooi 

0.020 

0.020 


II. Environmental Adjustment Factors (K) : 

K a Failure rate at cnv. level 
Ambient failure rate 


Figure S3 shows the solenoid valve failure rate adjustment factor (K ) for 

s^fr^Ltoi: 


in. 


Failure Rate at 90-Percent Confidence 
\) 0 % = °* 00 °008 failures per cycle 



^ UCR^. 011 U5 S ° lenold valre toUuros extracted from 25 000 Saturn 

& f a “ d ° n Saturn t05t dnta trom 65 qualification and reliability test 

•fmtf T 5 t ,?' 1 " r0S ‘ n ‘ 173 785 "^rational cycles in tests at 
ambient conditions. 


- - 4 . 


49 


NOTE: Approximately 25 porcont of the solenoid valve failures reported 
on OCR's wore associated with contamination which appeared as corrosion, 
['reuse, metal particles, and moisturo. 


Approximately 21 poroont of the solenoid vatvo failures reported on 
NCR's wore damage— typo failures attributable in most eases to luiman error, 
The damago-typo failures wore manifested as cracks, nicks, abrasions, and 
scratches. 




Al ±. 






Failure Mode Frequency Ratios, 
Environmental Adjustment Factors, 

And Failure Rate For Vent And Relief Valves 

I. Failure Mode Frequency Ratios (a)> 

No. of failq res specific mode 

Total failures all rnodos * 


Failure Mode 

Failure to Close 
Position Indicator No Signal 
Failure to Open 
Failuro to I to mala Closod 
Position' indicate r E rronoous 
Signal 

External Leakage 
Failure to Remain Opon 


Alpha Factor ( o ) 


0.531 

o. inn 

0.150 

0.050 


0.050 

0.044 

0.013 


II. 


Environmental Adjustment Factors (K) : 



K „ Failure rate at env. level 
Ambient failure rate 


Figure 25 shows the vent and relief valve failure rate adjustment factor (K ) 

for temperature and Figure 26 shows the vent and relief valve failure rate T 
adjustment fact r (K y ) for vibration. 


m. 


Failure Rate at 90-Percent Confidence (A 

90 % 

^90%^ 0.000009 failures per cycle 



^ and re “ et Va ‘ Ve f ““ Uros ^»racted from 25 000 

[2> Based on Saturn tost data from 1)8 qualification and reliability 
J. test reports. y 

Based on 3 failures in G95 329 operational cycles in tests at 
ambient conditions . 



NOTE; Approximately 24 percent of the vont and relief valve failures 
reported on UCR's were associated with contamination which appeared as 
corrosion, oil, RP-1 fuel, metal particles, and moisture. 

Approximately 10 percent of the vont and relief valve failures reported 
on UCR's were damage-type failuros attributable in most cases to human error, 
'Hie damage "type failuros were manifested as gouges, nicks, abrasions, and 
scratches. 
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